Introduction {#Sec1}
============

Worldwide, population increase results in a need for the production of more food (Akoto et al. [@CR5]). Agriculture is the main source of income for more than 80% of the population of Ethiopia. During the last couple of years, large-scale floriculture farms have been expanding in many parts of the country (Ethiopian Investment Agency [@CR22]), and floriculture industry became the major source of economic development with a substantial export of 714.5 million cut flowers and 49,000 tons of roses in 2016 which is a 10.7% increase compared with 2015 (Agarwa et al. 2010; Ethiopian Press Agency and Floral Daily [@CR23]; Srivastava et al. [@CR54]). Excessive application and improper handling of pesticides affect the environment and cause serious health problems to human beings and animals. Organochlorine pesticides are persistent and bio-accumulate in the environment (Akca et al. [@CR4]; Fiedler et al. [@CR27]). They cause ecological problems and have a great impact on human health (Agarwal et al. [@CR2]; Fiedler et al. [@CR27]). Although most organochlorine pesticides were banned in 2004 (Stockholm Convention [@CR55]), DDT is still used indoors in Ethiopia to control the spread of malaria (Jansen and Harmsen [@CR32]; Mengistie et al. [@CR43]). Local farmers sometimes use DDT illegally for agricultural purposes, and Ethiopia registered endosulfan to control the damage caused by cotton pests; however, its use is also reported for vegetable and fruit pests (Mengistie et al. [@CR43]). Due to improper application of pesticides, many vegetables contain pesticide residues above their maximum residue limits (MRLs) (Bhanti and Taneja [@CR14]). Too high levels of pesticides also reduce the expected yield. Hence, it is essential to monitor and control pesticide residue level in crops and vegetables (Handford and Campbell [@CR31]). Different African countries established MRLs based on toxicological and agronomic studies (D'Mello [@CR18]). Ethiopia is the so-called water tower of the East-African counties because the country has quite a number of natural and artificial lakes. Most of these lakes are located in the Rift valley, and they are often used for fish production (Teklu et al. [@CR59]). As a result of exhaustive agricultural activities, nutrients and agrochemicals accumulate in soil, lakes, rivers, ponds, and water drainage channels and they become a major ecological problem (Agarwal et al. [@CR1]; Sneha and Bhimte [@CR53]).

The Quick, Easy, Cheap, Effective, Rugged, and Safe (QuEChERS) method was developed in 2003 (Anastassiades et al. [@CR7]) and is an efficient and convenient extraction technique for the analysis of pesticides and other contaminants in agricultural products. This method has been used widely to analyze pesticide residues in tomatoes (Angioni et al. [@CR8]; Lehotay et al. [@CR40]).

Pesticide residues have been reported frequently in fruits, vegetables, and water in many countries including Ethiopia (Diop et al. [@CR19]; Fernandes et al. [@CR26]; Lu et al. [@CR42]; Mutengwe et al. [@CR45]; Ozcan [@CR47]; Tadeo and Sanchez-Brunete [@CR57]). However, there is very little information about pesticide residues in samples from the Central Rift Valley (CRV) region of Ethiopia. Therefore, the present study was undertaken to determine pesticide residues in tomato, onion, and water samples from this region.

Materials and methods {#Sec2}
=====================

Description of study areas {#Sec3}
--------------------------

This study was conducted in the CRV of Ethiopia, which is located approximately between 38° 05′ E and 39° 25′ E, and between 7° 06′ N and 8° 27′ N. The Oromiya regional state government administration of Ethiopia divided this valley into two main administrative districts (*Woredas*). The low land areas, which are located in the Rift floor, have four administrative districts, namely Adamitulu Judo Kombolcha (AJK), Dugda Bora (DB)/(Meki), Arsi Negele (AN), and Ziway Gugda (ZG). The high land areas have six administrative districts, namely Sodo, Mekana, Mareko, Tiyo, Degeluna Tiyo, and Munessa. Tomatoes, onions, green peppers, and cabbage are largely grown at the Rift floor, whereas potatoes, carrots, beet root, garlic, and sugar cane are grown at the high land areas (Scholten [@CR51]). At the Rift floor, there are four lakes (Ziway, Langano, Abiata, and Shala) and four rivers (Meki, Ketar, Bulbula, and Horankelo) (Fig. [1](#Fig1){ref-type="fig"}). The Ketar and Meki rivers are the main rivers entering Lake Ziway, i.e., the Meki river from the plateau west of Lake Ziway and the Ketar river from the eastern and south-eastern plateaus. The Bulbula River connects Lake Ziway (upstream) and Abiata (downstream), and a major part of the water for Abiata comes from Lake Ziway. Therefore, these two lakes are hydrologically connected. The Horankelo River connects this lake and Lake Langano. Both Lake Abiata and Lake Shala are lakes without surface water outflow (Alemayehu et al. [@CR6]; Ayenew [@CR12]; Jansen et al. [@CR33]). The CRV of Ethiopia is situated in the tropical zone, and its maximum temperature varies from 25 to 29 °C during the short rainy season (locally known as *Belg*). During the main rainy season (locally known as *Kiremt*), the maximum temperature varies from 22 to 26 °C (Kassie et al. [@CR34]). The climate of the lowlands surrounding the lakes is arid and semi-arid, and the highlands are humid to dry sub-humid (Scholten [@CR51]).Fig. 1Sampling locations in the CRV for vegetable and water samples (Bulbula and Horankelo rivers)

Chemicals and apparatus {#Sec4}
-----------------------

For the extraction and clean-up of the samples, isooctane, n-hexane, dichloromethane, ethyl acetate, methanol, acetonitrile, sodium citrate dihydrate, sodium hydrogen citrate sesquihydrate, sodium chloride, magnesium sulfate, and formic acid and QuEChERS dispersive tubes containing 0.15 g primary secondary amine (PSA) and 0.9 g magnesium sulfate were used. Profenofos, metalaxyl, λ-cyhalothrin, 4,4′-DDT, 4,4′-DDE, and α- and β-endosulfan were used as native pesticide standards procured from Chiron (Trondheim, Norway). The internal standards (ISTD) used were the following: metalaxyl-D6 was purchased from Toronto Research Chemicals (TRC, Toronto, Canada); 4,4′-DDE (ring-^13^C~12~), α-endosulfan D~4~, and β-endosulfan D~4~ were purchased from Cambridge Isotope Laboratories, (Andover, USA); TPP (triphenyl phosphate) and permethrin were purchased from Sigma-Aldrich Chemie N.V (Schnelldorf, Germany); and OASIS HLB cartridges were procured through Waters Chromatography B.V. (Etten-Leur, The Netherlands).

Chromatographic analysis {#Sec5}
------------------------

Analysis was performed using an Agilent 6890 GC coupled to a 5975 mass spectrometer (MS) under the following conditions: profenofos, metalaxyl, λ-cyhalothrin, 4,4′-DDT, and 4,4′-DDE were analyzed using electron impact (EI) MS and a DB-5MS gas chromatographic (GC) column (Agilent no. 122--5532), 30 m length, 250 μm internal diameter (ID), 0.25 μm film thickness. The carrier gas used was helium at a flow rate of 1.0 mL/min. The injection volume was 1 μL in the splitless mode at 275 °C. The GC oven was programmed as follows: initial temperature 90 °C, hold for 2 min then ramped at 20 °C/min to 170 °C followed by a ramp of 5 °C/min to 310 °C and hold for 14.33 min. α- and β-Endosulfan were analyzed using electron-capture negative chemical ionization (ECNI) MS and a RTX-1614 GC column (Restek 10296), 15 m length, 250 μm I.D., and 0.1 μm film thickness. Helium was used as a carrier gas at a flow rate of 1.0 mL/min. The injection volume was 1 μL in the splitless mode at 275 °C. The GC oven was programmed as follows: initial temperature 90 °C, hold for 3 min, then ramped at 5 °C/min to 310 °C, and hold for 8 min.

Sample collection and preparation {#Sec6}
---------------------------------

### Vegetable samples {#Sec7}

For vegetable (tomato and onion) sampling, four areas at the Rift floor were selected based on the potential for tomato and onion production. To collect these samples, one farm land was randomly selected from each of the sub-administrative districts (*Kebeles*), and they were sampled during two sampling campaigns in 2015. The first sampling campaign was in winter, in the beginning of March, and the second one was in spring at the end of May. The first campaign was during the beginning of short rainy season, whereas the second one was during the main rainy season at CRV (Kassie et al. [@CR34]). From each farm land and sampling campaign, composite samples of 2 kg tomatoes and 2 kg onions were collected separately.

The samples were homogenized by a heavy-duty blender (Waring Commercial, 1500 W, Homogenizer, USA), and 200 g of each of the composite samples was transferred into a sampling bottle and was kept for 3 weeks in the refrigerator at 4 °C. Then, they were packed in an ice box and were transported in frozen condition to The Netherlands for analysis.

### Water samples {#Sec8}

Surface water was collected in the CRV region from four categorized areas, namely water bodies (at the inlets and outlets of the lakes), agricultural lands, floriculture effluents, and drinking tap water (Fig. [1](#Fig1){ref-type="fig"}). The samples were collected from the same 12 locations during four sampling campaigns in March, May, and July 2015 and in July 2016. The water sampling locations were Horankelo River outlet from Lake Langano (HOLL), Horankelo River inlet to Lake Abiata (HILA), Bulbula River Outlet from Lake Ziway (BOLZ), and Bulbula River inlet to Lake Abiata (BILA). For agricultural lands, the sampling locations were agricultural land north of Lake Ziway (ANLZ-1, ANLZ-2, and ANLZ-3) and agricultural land along Lake Ziway (AALZ-1 and AALZ-2). The effluent waters from the floriculture enterprises at Ziway area, floriculture effluents (FE-1 and FE-2), and drinking water samples were collected from tap at Batu (Ziway) Drinking Water (BDW). In each of the sampling campaigns, in total 3 L (12 × 0.25 L) of surface waters was collected using bottles which were previously cleaned and rinsed by acetone and completely dried. To remove turbidity and debris, samples were filtered through glass fiber filters and stored at 4 °C prior to extraction and were transported to The Netherlands for laboratory analysis.

Extraction method and clean-up of the extracts {#Sec9}
----------------------------------------------

### QuEChERS extraction {#Sec10}

A QuEChERS method with slight modification was used for the extraction of tomato and onion samples (Anastassiades et al. [@CR7]; EN 15662 [@CR20]). The method is summarized as follows: 10 g of each tomato and onion sample was weighed in a 50-mL centrifuge tube and was spiked with 100 μL of the ISTD, mixed, and left to stand for 10 min at room temperature before extraction. Then, 10 mL of acetonitrile was added to each of the two mixtures and was vortexed for 1 min. Then, citrate buffer containing 1 g sodium citrate dihydrate, 0.5 g sodium hydrogen citrate sesquihydrate, 1 g sodium chloride, and 4 g magnesium sulfate was added, and immediately shaken for 1 min, followed by centrifugation for 5 min at 2000 rpm. The clean-up process for both samples was performed using QuEChERS dispersive tubes. Then, 6 mL of the upper extract was transferred to this dispersive tube and was shaken for 30 s followed by 5-min centrifugation at 2000 rpm. Then, 3 mL of the supernatant was transferred into an evaporating tube and immediately acidified with 40 μL of 5% formic acid in acetonitrile to avoid the degradation of pesticides sensitive for high pH. Both extracts were evaporated under a stream of N~2~ at a temperature between 30 and 40 °C and were reconstituted in isooctane until the final volume became 100 μL.

### Solid phase extraction {#Sec11}

A solid phase extraction (SPE) method was used to extract the target pesticides from water samples with a slight modification (Kouzayha et al. [@CR36]). The method is described as follows: (1) An OASIS HLB cartridge was conditioned with 3 mL n-hexane, 3 mL dichloromethane, 3 mL ethyl acetate, and 3 mL methanol, respectively, and was equilibrated with 3 mL of MilliQ water without allowing the cartridge to dry out. (2) The collected water sample was passed through the conditioned cartridge at a flow rate of 4 mL/min. (3) The cartridge was dried for 30 min under vacuum. (4) The sample was washed with 3 mL of 5% methanol in water. (5) The analyte was eluted from the solid phase with 3 mL of n-hexane, 3 mL dichloromethane, and 3 mL ethyl acetate, respectively. (6) The extract was evaporated to dryness under a stream of N~2~ and the residue was reconstituted with 100 μL of isooctane and was transferred to an auto-sampler vial for GC analysis.

Method validations {#Sec12}
------------------

### Recovery studies {#Sec13}

For the recovery studies of the QuEChERS extraction, 2 kg pesticide-free tomatoes was procured and homogenized with a blender. Then, 200 g was taken for each of the seven replicates, and one blank solution as a control. A total of 100 μL of ISTD mixture was added to each of the replicates and blank. The spiking mixture containing all target pesticides had a concentration of 7.5 μg/L in isooctane per pesticide. The extraction and clean-up process were performed according to the method described earlier. Finally, the recovery was calculated, and the relative standard deviation (RSD) was obtained. For the recovery study of the SPE method, 2.5 L surface water was collected and spiked with 100 μL of a spiking solution containing all target pesticides in a concentration of 350 μg/L in isooctane. The spiked water solution was stirred for 18 h and approximately 250 mL of this water was transferred into ten screw cup reagent flasks. This study was conducted in eight spiked replicates, one blank, and one non-spike water sample, and 100 μL ISTD mixture was added. The SPE method was also described earlier. The theoretical concentration was calculated, and the real concentration on a wet weight basis was obtained from the experimental result. All data were analyzed and calculated using MSD Chemstation G170DA D.02.00.275 and finally the recovery of each pesticides was calculated.

### Calibration studies {#Sec14}

Solvent calibration solutions (SC) containing all target pesticides were prepared in isooctane at six concentration levels. A total of 1 μL of this level solution was injected into the GC/ECNI-MS for α- and β-endosulfan, and the rest of the pesticides were injected into GC/EI-MS, each time starting with the lowest calibration concentration.

Results and discussion {#Sec15}
======================

Analytical method validations {#Sec16}
-----------------------------

### Vegetable samples {#Sec17}

The mean recoveries of all pesticides in tomato were between 73.2 and 95.7%. The results were in the acceptable analytical range from 70 to 120% (Berrada et al. [@CR13]; Osman et al. [@CR46]). The RSD was also below the commonly accepted level (\< 20%) (Table [1](#Tab1){ref-type="table"}) except for α-endosulfan (24.1%). These results meet the requirements of European Commission document no. SANCO/12495/2011 (SANCO [@CR50]). Therefore, the QuEChERS method is considered appropriate to achieve results for the pesticides analyzed in this study.Table 1Mean recovery (mean %*R*) and RSD of the testing methods in tomato and water at a spiking level of 7.5 μg/L and 350 μg/L, respectivelyTarget pesticidesTomatoWaterMean %*R*RSDMean %*R*RSDProfenofos80.415.452.35.7Metalaxyl82.610.187.413.1λ-cyhalothrin73.26.083.911.04,4′-DDT95.76.1126.122.54,4′-DDE87.310.3106.915.7α-Endosulfan91.124.1110.95.7β-Endosulfan93.218.097.03.1

The linearity of the analytical method for tomato and onion is shown in Table [2](#Tab2){ref-type="table"}. Correlation coefficients (*r*^2^) were good with 0.981 and 0.979, respectively. The LOD was calculated as three times the noise height and the LOQ is 3.3 times the LOD. For tomato, the LOD and LOQ varied from 0.004 to 0.27 μg/kg and 0.012 to 0.89 μg/kg, respectively, and for onion, these varied from 0.001 to 0.094 μg/kg and 0.004 to 0.31 μg/kg, respectively (Table [2](#Tab2){ref-type="table"}).Table 2Limits of detection (LOD), limits of quantification (LOQ), and linearity of the testing methods in tomato, onion, and waterTarget pesticidesTomatoOnionWaterLinearityLODLOQLinearityLODLOQLinearityLODLOQ(*r*^2^)μg/kg(*r*^2^)μg/kg(*r*^2^)μg/liProfenofos0.9980.2700.8910.9900.0600.1960.9980.0290.095Metalaxyl0.9960.0040.0120.9790.0330.1090.9860.0700.229λ-Cyhalothrin0.9810.0320.1060.9960.0940.3120.9960.0250.0834,4′-DDT0.9980.0290.0970.9810.0570.1870.9840.0020.0074,4′-DDE1.0000.0740.2450.9880.0170.0570.9890.0500.165α-Endosulfan0.9990.0060.0190.9940.0010.0040.9880.0010.004β-Endosulfan0.9980.0120.0400.9930.0050.0160.9860.0160.052

### Water samples {#Sec18}

The mean recoveries of the pesticides in water ranged between 83.9 and 110.9%, which is within the acceptable analytical range (70--120%) except for profenofos (52.3%) and 4,4′-DDT (126.1%) (Table [1](#Tab1){ref-type="table"}). Their RSD values were below 20%, except for 4,4′-DDT (22.5%). This shows the performance in this validation is in line with the commonly accepted level (RSD \< 20%), while the determination of DDT was more difficult, probably due to occasional decomposition during GC analysis.

The linearity of the analytical method for water is shown in Table [2](#Tab2){ref-type="table"}. The calibration curve results were shown as a correlation coefficient (*r*^2^). The lowest value (*r*^2^ = 0.984) was recorded for 4,4′-DDT and the highest (*r*^2^ = 0.998) for profenofos. This indicates a very good linearity of the calibration curve. LOD and LOQ results are shown in Table [2](#Tab2){ref-type="table"}. The LOD ranged from 0.001 to 0.070 μg/L and the LOQ from 0.004 to 0.229 μg/L.

Pesticide residues in tomato samples {#Sec19}
------------------------------------

Table [3](#Tab3){ref-type="table"} summarizes the pesticide concentration in tomato samples during March and May of the 2015 sampling campaigns.Table 3Pesticide concentrations (μg/kg) in tomato samples (on a wet weight basis) collected from CRV of EthiopiaSampling areaLocation nameTarget Pesticide ListProfenofosMetalaxylλ-Cyhalothrin4,4′-DDT4,4′-DDEα-Endosulfanβ-EndosulfanMRL in μg/kg50200350050The first (March) and second (May) sampling campaign of 2015MarchMayMarchMayMarchMayMarchMayMarchMayMarchMayMarchMayAdamitulu Judo Kombolcha (AJK)Edo Gojola29.014.019.031.08.1ND7.60\< 0.11.90.45.44.224.113.3Abune Germama28.013.017.062.012.023.01.30.5\*3.201.36.15.824.210.6Bocessa15.012.014.067.09.31.61.00.6\*1.5\< 0.62.41.69.73.0Doodicha25.09.414.01101.3077.01.1\< 0.21.40.77.63.220.78.0Ilika Chelema14.013.013.089.04.53.312.00.22.50.4\*3.70.911.41.3Dugda Bora (DBWelda Mekedela21.07.525016.04.071.00.5\< 0.10.90.76.22.918.36.8Welda Kelina26.09.2**560**15.012.012.00.80.4\*2.10.4\*8.13.425.38.6Shubi Gamo11.00.814.01.111.016.00.90.5\*1.3\< 0.52.32.39.95.9Bekeli Girisa42.026.0**240**11040.096.00.7\< 0.31.0\< 0.47.57.538.18.9Garba Korke Adi11.00.713.019.021.08.60.8\< 0.71.2\< 0.92.83.912.412.7Arsi Negele (AN)Shorba15.021.014.0**380**11019.0\< 0.2\< 0.10.6\*1.14.35.712.117.7Hargeda8.124.013.013.00.314.00.6\*0.4\*0.7\*0.4\*3.16.75.319.5Kerara8.211.074.01101.73.00.62.10.50.429.00.634.00.9Gedemso**64**20.016.0**510**0.125.07.61.60.5\*0.419.75.457.015.7TurgeND18.0ND180ND2.0ND0.4ND0.5**1600**6.7**690**18.5Ziway Gugda (ZG)Burka Lemefa0.814.02.390.05.56.9\*0.2\< 0.30.5\*\< 0.42.15.25.419.0Sengo14.028.02.01508.11.81.91.2\*\< 0.3\< 0.62.95.811.218.4Galbe1.031.01.321.07.165.0\< 0.31.9\< 0.4\< 0.56.54.19.213.5Shenen Meja1.440.02.61600.7\< 0.12.20.4\*1.2\*\< 0.20.55.80.519.6Burka Dalecha0.90.413.010.00.1\*74.0\< 0.3\< 1.30.6\*\< 1.61.32.63.38.1\*Value between LOD and LOQ, *\< X* value less than LOD (*X*), *ND* not detectedValues were bolded just to show that they are significantly high results recorded among all the values obtained for the studied matrix

### Profenofos {#FPar1}

In the first sampling campaign, pronounced levels of profenofos were detected for most of the locations in the AJK and DB sampling areas due to the non-judicious application of this pesticide (Table [3](#Tab3){ref-type="table"}). These two areas are the major tomato-producing regions within the country. In the first sampling campaign, 2.5% of all samples analyzed was found to be above the MRL (50 μg/kg) recommended by the European Union (European Commission Regulation No, [@CR24]). In Senegal, profenofos was detected in tomato samples at concentrations of 80 μg/kg (Diop et al. [@CR19]), which is higher than the maximum result obtained in this study.

### Metalaxyl {#FPar2}

Detectable levels of metalaxyl were found in tomato samples from all locations except at Turge during the first sampling campaign (Table [3](#Tab3){ref-type="table"}). Among all tomato samples analyzed, 15% and 10% of them had metalaxyl residues exceeding MRL (200 μg/kg) (European Commission Regulation No, [@CR24]) in the first sampling and second campaign, respectively. These residues of metalaxyl exceeding the MRL might be the consequence of misuse of a mixture of formulations containing metalaxyl. The metalaxyl concentrations in this study were much higher than those found in Colombia and Spain with concentrations ranging between 10 and 30 μg/kg for Colombia (Arias et al. [@CR11]), and between 10 and 40 μg/kg in Spain (Camino-Sanchez et al. [@CR15]).

### λ-Cyhalothrin {#FPar3}

λ-Cyhalothrin was detected in all tomato samples tested except at Turge during the first sampling campaign, and at Edo Gojola during the second one (Table [3](#Tab3){ref-type="table"}). None of the samples had residues above the European MRL (200 μg/kg) (European Commission Regulation No, [@CR24]). However, a concentration close to the MRL was obtained at Shorba in the first sampling campaign, probably due to the low vapor pressure (0.0002 mPa) of λ-cyhalothrin, and its low volatilization into the atmosphere (Li-Ming et al. [@CR41]). In all other sampling locations and campaigns, residues remained well below the prescribed safe limits. Probably, the farmers in these locations might get advice from the nearby agricultural professionals about pesticide application rates and spray based on their recommendations.

### DDT and DDE {#FPar4}

Except at Turge, 4,4′-DDT and 4,4′-DDE were detected in all tomato samples in the first sampling campaign (Table [3](#Tab3){ref-type="table"}). Because, the first sampling campaign was at the start of the short rainy season in the CRV region (Kassie et al. [@CR34]). Since the country allows the use of DDT for malaria control (Jansen and Harmsen [@CR32]), farmers prefer to spray DDT indoors at this time (Mengistie et al. [@CR43]). However, none of the residues was above the MRL (3500 μg/kg) (Codex Alimentarius Commission [@CR17]). This may be attributed to the restrictions imposed on the use of DDTs for agricultural purpose (Jansen and Harmsen [@CR32]). The ratio of 4,4′-DDT to 4,4′-DDE varied in different locations for both campaigns. The one with the higher ratio confirms a recent application of DDT (Kumar and Mukherjee [@CR37]; Tavares et al. [@CR58]). In India, 4,4′-DDT was found at a concentration of 0.006 ng/kg in tomatoes collected from the market, which is much lower than in this study, and 4,4′-DDE was not detected at all (Kumari et al. [@CR38]).

### Endosulfan {#FPar5}

Endosulfan residues were present in all tomato samples (Table [3](#Tab3){ref-type="table"}), and 2.5% of them were found above the MRL value (500 μg/kg) (European Commission Regulation No, [@CR24]). A pronounced level of α- and β-endosulfan were obtained in the first sampling campaign at Turge. It could be that farmers at this location sprayed endosulfans indiscriminately far beyond the recommended rate and dose. Although the level of both endosulfans in tomato samples was not as high as at Turge, 300 μg/kg of α-endosulfan and 430 μg/kg of β-endosulfan concentrations were reported in Ghana (Essumang et al. [@CR21]). However, 13,880 μg/kg of β-endosulfan residue was found in tomato samples collected from the Omdurman central market in Khartoum State, Sudan (Ahmed et al. [@CR3]) which is 20-fold higher than in the present study.

The technical mixture ratio of α-endosulfan to β-endosulfan is 3:1 (Sutherland et al. [@CR56]; Walse et al. [@CR60]). However, this ratio is different in tomatoes from location to location in the CRV. For 70% of the tomato samples, this ratio was 1:3; for 25% of the samples, the ratio was 1:1; and for 5% of the samples, a 3:1 ratio was found. These ratio differences could be related to the hot weather conditions in the CRV. Since the vapor pressure of α-endosulfan (0.4 mPa) is higher than that of β-endosulfan (0.08 mPa) (Freixo et al. [@CR28]), lower concentrations of α-endosulfan can be expected in most of the samples. Various studies reported the degradation of endosulfan isomers. Parm et al. ([@CR48]) reported the fate and interconversion of α-endosulfan, β-endosulfan, and endosulfan sulfate (ESS) on chickpea (*Cicer arietinum Linn*) in a subtropical environment. The result showed that α-endosulfan was less persistent than β-endosulfan and ESS. The percentage loss of each isomer was much higher than in the temperate region (Chopra and Mahfouz [@CR16]). Interconversion of stereoisomers of endosulfan on chickpea crop under field conditions was also studied (Mukherjee and Gopal [@CR44]). The results indicated that the α isomer was converted to ESS on chickpea leaves in large quantities, whereas that happened only to a minor extent for the β isomer. This indicates that the β isomer is more persistent than the α isomer. Also, on various plant surfaces, α-endosulfan degraded (or evaporated) more rapidly than β-endosulfan (Goebel et al. [@CR30]). In the atmosphere, Shunthirasingham et al. ([@CR52]) suggested that the ratio of endosulfan α/β is higher due to the loss of β-endosulfan, while ESS was found the most persistent and stable product of all endosulfan isomers (Ghadiri [@CR29]; Kathpal et al. [@CR35]; Walse et al. [@CR60]).

Ghadiri ([@CR29]) reported that the soil-water ratio and temperature affect the degradation rate of both isomers of endosulfan. The results showed that, under humid conditions and high temperatures, α-endosulfan concentrations in soil may decline rapidly, and β-endosulfan degradation would be slower. The change of the α-endosulfan/β-endosulfan ratio was also reported on soil and plants due to the higher conversion of α-endosulfan to ESS than β-endosulfan to ESS (Antonious et al. [@CR10]).

Pesticide residues in onion samples {#Sec20}
-----------------------------------

Table [4](#Tab4){ref-type="table"} summarizes the pesticide concentration in onion samples during March and May of the 2015 sampling campaigns.Table 4Pesticide concentrations (μg/kg) in onion samples (on a wet weight basis) collected from CRV of EthiopiaSampling areaLocation nameTarget Pesticide ListProfenofosMetalaxylλ-Cyhalothrin4,4′-DDT4,4′-DDEα-Endosulfanα-Endosulfan β-endosulfanMRL in μg/kg5050020350050The first (March) and second (May) sampling campaign of 2015MarchMayMarchMayMarchMayMarchMayMarchMayMarchMayMarchMayAdamitulu Judo Kombolcha (AJK)Edo Gojola11.00.219.031.00.415.01.71.81.00.31.50.63.10.5Abune Germama9.049.046.02500.39.42.1ND3.70.70.64.90.815.0Bocessa2.114.09.836.02.20.35\*4.40.313.00.040.54.50.413.0Doodicha1.60.22\*14.0\< 2.70.34.13.45.919.0\< 0.41.50.21.90.2Ilika Chelema27.07.112033.04.55.06.114.011.01.60.70.31.20.2Dugda Bora (DB)Welda Mekedela7.10.833.015.05.06.015.09.41.6\*3.70.20.50.31.0Welda Kelina30.03.3340110**130**8.01606.96.7\*4.213\*0.326\*0.3Shubi Gamo0.09\*0.05\*5.9\*19.05.89.99.35.80.24\*6.80.30.30.20.2Bekeli Girisa0.15\*0.24\***810**\< 5.111.07.921.011.033.010.00.50.20.60.2Garba Korke Adi4.40.7**560**14.05.92.82.810.057.00.25\*1.80.20.40.2Arsi Negele (AN)Shorba0.05\*\< 0.071.6\*5.0\*4.47.64.814.01.0\< 0.430.100.130.170.18Hargeda0.09\*\< 0.064.9\*4.6\*3.72.45.27.1\< 36\< 0.390.120.180.160.16Kerara0.08\*\< 0.11\< 1.97.3\*6.93.518.013.05.3\*12.00.150.160.170.20Gedemso**64**\< 0.075403.7\*3.03.93.411.00.29\*\< 0.450.210.090.230.20Turge0.17\*0.08\*6.6\*\< 2.64.52.813.05.11.4\*\< 0.440.140.140.240.18Ziway Gugda (ZG)Burka Lemefa0.1\*0.07\*52.0\< 3.14.22.7062.06.64.75.80.110.110.160.15Sengo0.2\*0.19\*\< 6.1\< 8.15.43.8\*31.09.04.211.00.080.150.160.32Galbe\< 0.06**350**14.0ND6.5**470**14.0130.02.61600.1417\*0.22**58**Shenen Meja0.40.07\*5.8\*18.04.25.504.210.00.45\*11.00.110.190.210.26Burka Dalecha0.03\*0.13\*8.322.08.46.103.68.115.06.70.320.230.270.20\*Value between LOD and LOQ. *\< X* value less than LOD(X), *ND* not detectedValues were bolded just to show that they are significantly high results recorded among all the values obtained for the studied matrix

### Profenofos {#FPar6}

Profenofos was detected in all onion samples analyzed, and 5% of the samples were found to exceed the European MRL of 50 μg/kg (European Commission Regulation No, [@CR24]). Among the samples above MRL at Gedemso and Galbe during the first and the second sampling campaigns, a concentration up to 350 μg/kg was found at the latter location and campaign (Table [4](#Tab4){ref-type="table"}) due to the same reason that profenofos might be applied almost exclusively.

### Metalaxyl {#FPar7}

Except at Galbe in the second sampling campaign, metalaxyl was detected in all the samples analyzed (Table [4](#Tab4){ref-type="table"}). 7.5% of the samples during the first sampling campaign exceeded the MRL of 500 μg/kg (European Commission Regulation No, [@CR24]). This could be the farmers' lack of awareness to spray this pesticide formulation in appropriate concentration (Mengistie et al. [@CR43]). Metalaxyl was also found at a concentration of 250 μg/kg in the second sampling due to the low-temperature condition (Kassie et al. [@CR34]) in this campaign that results in the less volatilization of this pesticide.

### λ-Cyhalothrin {#FPar8}

λ-Cyhalothrin was detected in all onion samples, and 5% of them exceeded the MRL of 20 μg/kg (European Commission Regulation No, [@CR24]). The residues found at Galbe and Welda Kelina were 6--20-fold higher than the safe residue limits (Table [4](#Tab4){ref-type="table"}).

### DDE and DDT {#FPar9}

Except at Abune Germama for 4,4′-DDT during the second sampling campaign, both DDTs were found in all onion samples (Table [4](#Tab4){ref-type="table"}). However, none of the residues found were above the Codex MRL of 3500 μg/kg (Codex Alimentarius Commission [@CR17]). 4,4′-DDT and 4,4′-DDE were detected at concentrations of 130 μg/kg and 160 μg/kg, respectively, at Galbe in the second sampling campaign. This might be due to the translocation of DDTs from contaminated soil and water to the onions at this location. For the control of malaria in the first sampling campaign, a considerable concentration difference of DDT was also found (Table [4](#Tab4){ref-type="table"}). The higher 4,4′-DDT to 4,4′-DDE ratio in some of the locations might be due to the recent applications of DDT and its biotransformation to the environment (Kumar and Mukherjee [@CR37];Tavares et al. [@CR58]).

### Endosulfan {#FPar10}

Both α- and β-endosulfan were detected in all onion samples and 2.5% of the samples have a concentration above MRL of 50 μg/kg (European Commission Regulation No, [@CR24]). Among the 40 tested onion samples, 10% had an α-/β-endosulfan ratio of 2:1 during first sampling and 5% for the second campaign. 22.5% of the samples showed an α-/β-endosulfan ratio between 1:2 and 1:1 during the first sampling campaign and 15% during the second sampling campaign. Two percent and 7.5% of the samples had an 1:1 endosulfan ratio during the first and the second sampling, respectively (Table [4](#Tab4){ref-type="table"}). In general, concentrations above MRLs may have a negative impact on the health conditions of the local farmers and the consumers within the country (since these vegetables are widely distributed and transported).

Pesticide residues in water samples {#Sec21}
-----------------------------------

Figure [2](#Fig2){ref-type="fig"} summarizes the results of pesticide residues found in water samples in March and May of 2015, in July 2015, and in July of 2016. 4,4′-DDT and 4,4′-DDE residues were not found in water, which is obvious as these compounds have poor water solubility. Clearly, the levels of most pesticides were the highest in March (2015). This is true for the riverine and floriculture locations (nos. 1--6 in Fig. [2](#Fig2){ref-type="fig"}).Fig. 2**a**--**d** CRV water sample pesticide concentrations in μg/L (sampling campaigns: **a** first sampling campaign (March of 2015), **b** second sampling campaign (May of 2015), **c** third sampling campaign (July of 2015), and **d** fourth sampling campaign (July of 2016)). Sample codes: 1 = HOLL, 2 = HILA, 3 = BOLZ, 4 = BILA, 5 = FE-1,6 = FE-2, 7 = BDW (Ziway), 8 = ANLZ-1, 9 = ANLZ-2, 10 = ANLZ-3, 11 = AALZ-1, and 12 = AALZ-2

In particular, profenofos levels were high (up to 2300 μg/L in the Bulbula river), but also metalaxyl concentrations were high at most locations in the March (2015) campaign. Since there are more agricultural lands along this river, and this campaign took place during a short rainy season period (locally known as *Belg*) that receives a relatively low rain fall (175--358 mm) (Kassie et al. [@CR34]), the pesticides could possibly run-off from these lands with less dilution effect in the river (Antic et al. [@CR9]). Hence, this may have caused higher concentrations of profenofos and metalaxyl in this sampling campaign.

For the same reason, endosulfan and λ-cyhalothrin were higher in May and July of 2015, and the level of both endosulfan concentrations found was much higher than the Maximum Allowable Concentration (MAC = 0.01 μg/L) in rivers and lakes recommended by the European Union directive [@CR25]/39 (European Union directive [@CR25]). In the July (2016) campaign, all pesticides were found in lower concentrations (Fig. [2d](#Fig2){ref-type="fig"}).

The CRV received a high rainfall (420--680 mm) in this campaign, which is the main rainy season (locally known as *Kiremt*) (Kassie et al. [@CR34]) and caused more dilution effect of the pesticide load in the rivers because of their high flow rate (Antic et al. [@CR9]). This effect resulted in lower pesticide concentrations in the rivers during this period. The concentrations of endosulfans for all river locations and sampling campaigns in the present study were higher than in Densu River basin, Ghana (Kuranchie-Mensah et al. [@CR39]), where α-endosulfan concentrations were found at a mean concentration of 0.025 μg/L, which is above the MAC of 0.01 μg/L.

Profenofos and metalaxyl were detected in higher concentrations in water samples collected from the agricultural lands (AALZ and ANLZ) in the March (2015) campaign (Fig. [2a](#Fig2){ref-type="fig"}). This is probably due to local traditions that require higher vegetable consumption during this time of the year. The farmers tend to apply higher volumes of pesticides then. The concentrations obtained in the water samples (above MAC) have a direct impact for the farmers since they use these water sources found in their lands, nearby rivers, and lakes for future vegetable productions, and also cause the contamination of the surrounding environments in the area. The metalaxyl concentrations in this study were much higher than those found in a similar study conducted in the CRV of Ethiopia (Jansen and Harmsen [@CR32]) with concentrations ranging between 0.05 and 0.11 μg/L from different areas in both surface and drinking water samples. Although, recent data is not available for the amount of tomato and onion produced by the local farmers during this time of the year in our study areas. Putter et al. ([@CR49]) reported that 16,442 and 26,188 kg/ha of tomato and onion were produced by these farmers at AJK, respectively, and at the DB area, 33,699 kg/ha of tomato and 18,551 kg/ha of onion.

In effluents from the floriculture enterprises, profenofos was found at concentrations of 1700 μg/L and 880 μg/L in the first and third water sampling campaigns, respectively, and the metalaxyl concentration was also high up to 210 μg/L in third (Fig. [2a--c](#Fig2){ref-type="fig"}). These might come from the nearby Ziway Lake. However, in all other sampling locations, residues were less pronounced because these enterprises usually spray other groups of pesticides such as ethirimol and fenarimol (Jansen and Harmsen [@CR32]) for flower and rose productions.

The pesticide concentrations in drinking water collected from tap at Batu Drinking Water (BDW) are also shown in Fig. [2](#Fig2){ref-type="fig"}. Profenofos and metalaxyl were detected in high concentration of 900 μg/L and 200 μg/L, respectively, during the first water sampling campaign (Fig. [2a](#Fig2){ref-type="fig"}). For the same reason, pressure on farming to meet the high demand for vegetables might have caused the pesticides entering into the drinking water supply at the Batu (Ziway) area which lacks a proper water treatment system. The lower pesticide concentrations in the third and fourth campaigns, both in July, are explained by a higher dilution in the rivers due to the heavy rain season in this period (Kassie et al. [@CR34]). These rivers are used as a source of drinking water in the area.

Conclusions {#Sec22}
===========

QuEChERS and SPE methods were successfully validated and used for the analysis of seven pesticides in tomatoes, onions, and water samples collected from the CRV of Ethiopia. Among these pesticides, profenofos and metalaxyl showed the highest concentrations for most of vegetables and water samples. The frequency of the detected pesticides in water samples was higher at Bulbula River than at Horankelo. At agricultural lands, in the first sampling campaign, pesticide levels were also high due to their intensive application during vegetable productions. The concentrations that exceed the MRLs in tomatoes and onions may cause major health problems to the farmers. Those and that exceed MAC in water from the two agricultural lands may cause damage to the local environment. Regular monitoring of pesticide levels in study samples and proper training and education on safe application of pesticides are crucial to reduce the potential health risks. Therefore, this study may serve as a basis for the concerned authorities in Ethiopia to take appropriate measures to make sure that the level of pesticide residues in different vegetables produced in the CRV stays below MRLs to protect the consumers and to reduce the exposure of local farmers and workers who are involved in pesticide applications.
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